We discuss considerations regarding a novel and robust scheme for optically triggered electron bunch generation in plasma wakefield accelerators [1]. In this technique, a transversely propagating focused laser pulse ignites a quasi-stationary plasma column before the arrival of the plasma wake. This localized plasma density enhancement or optical "plasma torch" distorts the blowout during the arrival of the electron drive bunch and modifies the electron trajectories, resulting in a controlled injection. By changing the laser pulse parameters such as beam waist and intensity, and by moving the focal point of the laser pulse, the shape of the plasma torch can be tuned easily. The proposed method is much more flexible and faster in generating gas density transitions when compared to hydrodynamics-based methods, and it accommodates experimentalists needs as it is a purely optical process and straightforward to implement.
Introduction

1
The dynamics of electron injection in plasma wakefield ac-2 celerators is a main focus of research in the plasma acceler- Here, a focused laser pulse propagating perpendicularly (or at 18 an arbitrary angle) to the driver beam axis (z) is used to ionize The use of a hydrogen/helium gas mixture allows for three qual- , where a hydrogen density of n H = 4 × 10 17 cm −3 , and helium density of n He = 3 × 10 17 cm −3 was used. Same as in scenario (i), but in addition the plasma torch also comprises helium electrons (light blue spheres), which leads to a double trapezoidal density shape. The plasma torch is generated in the path of the drive beam, where the laser intensity has been adjusted to ionize helium as well. A laser pulse w 0 = 35 µm and a 0 = 0.03 is used. In (a) the torch is crossed, leading to blowout amplification and injection. The injected electrons are shown in (b) ≈ 2.2 mm behind the torch, and (c) after z ≈ 4.6 mm of acceleration, where the maximum energy of E ≈ 128 MeV is reached.
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nario is illustrated, which applies preionized hydrogen (LIT).
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Using the same plasma densities as in cases (i) Figure 3: Optical plasma torch injection in scenario (iii) with preionized hydrogen. At gas densities of n H = 5 × 10 16 cm −3 , and n He = 1 × 10 17 cm −3 , a pronounced blowout is generated. The tunable helium electron torch (a) downramp leads to dark-current free witness bunch formation (b) and allows for massive charge at substantially beam-loaded levels (c). A laser pulse with w 0 = 100µm and a 0 = 0.033 is used to ignite the optical plasma torch (y,z are the torch laser, and beam propagation axes, respectively). and ii) or two (scenario iii) moderately synchronized laser pulses interact in an underdense two component gas mixture such as hydrogen and helium. One laser pulse is focused to intensities of the I ≈ 10 14−15 W/cm 2 level in order to generate the localized hydrogen/helium plasma torch in the path of the electron beam driven blowout. In contrast to the self-ionized scenario (i) and (ii), for scenario (iii) another, high-energy fraction of the laser pulse is used to preionize the hydrogen. 
220
This general preionization laser needs much higher energy, but 221 as it will be much softer focused than the plasma torch laser (in 222 case of Gaussian focusing optics), or by diffractive optics, will 223 reach much lower peak intensities than the plasma torch laser.
224
It shall be noted that while the above has been simulated and 
